Thirty-nine clinical isolates of Porphyromonas species recovered from infected cat and dog bite wounds in humans and eight American Type Culture Collection and National Collection of Type Cultures type strains were characterized by using the API ZYM system, the RapID ANA II system, and conventional biochemical methods. Growth characteristics on various agar media were compared. All strains grew on brucella blood agar supplemented with vitamin K 1 and hemin and on brucella laked blood agar supplemented with vitamin K 1 and hemin. In contrast, only 34% of strains grew on unsupplemented brucella blood agar, 62% grew on Columbia blood agar, and 70% grew on tryptic soy blood agar (the last three media did not contain vitamin K 1 or hemin). The ability of the single-tube, triple-substrate WEE-TAB system to detect the preformed enzymes N-acetyl-␤-D-glucosaminidase, ␣-D-galactosidase, ␤-D-galactosidase, ␣-fucosidase, trypsin-like activity, and chymotrypsin was evaluated. The WEE-TAB test results were easy to interpret; the WEE-TAB tests were more sensitive than the comparable tests with the API ZYM and RapID ANA II systems for the detection of ␣-D-galactosidase, ␤-D-galactosidase, trypsin, and chymotrypsin, and the WEE-TAB tests accurately identified Porphyromonas species.
P. gingivalis ATCC 33277, P. maccacae ATCC 33141, P. levii ATCC 29147, P. salivosa NCTC 18632, P. canoris NCTC 12835, P. cansulci NCTC 12858, P. cangingivalis NCTC 12856, and P. circumdentaria NCTC 12469, were studied.
These clinical isolates were previously identified by standard criteria (2, 10) . SBBA (Anaerobe Systems) was used for the initial isolation of most of these strains from clinical specimens. The isolates were stored in 20% skim milk at Ϫ70°C until use and were then taken from frozen stock, transferred twice on SBBA, and incubated in an anaerobic chamber (Anaerobe Systems) at 37°C for 4 to 8 days for use in the current study.
Evaluation of growth characteristics. Growth characteristics were determined by streaking an inoculum onto the various test agar media and incubating the plates for up to 8 days at 37°C in an anaerobic chamber. The cultures were examined daily, and colony size, pigmentation, and hemolysis were recorded. The inoculum was placed onto egg yolk agar (Anaerobe Systems) for determination of lipase production and/or the presence of a yellow pigment, and the plates were incubated for at least 5 days prior to interpretation of the results (1, 5) . Colonies were observed for fluorescence under UV light (360 nm) at day 4, prior to pigment production (5). Colonies showing colors ranging from coral to brick red were considered positive for fluorescence.
Enzymatic tests. The WEE-TAB triple substrates (Key Scientific) tested for the following preformed enzymes: N-acetyl-␤-D-glucosaminidase, ␤-D-galactosidase, and trypsin-like activity in one tube and ␣-fucosidase, ␣-D-galactosidase, and chymotrypsin in the other tube. For comparison, the API ZYM and RapID ANA II kits were used. All three kits were inoculated, and the results were interpreted according to the manufacturers' instructions. Inocula for the WEE-TAB system were prepared by suspending distinct colonies in 0.85% saline to a density approximately equal to that of a no. 3 McFarland standard. Several drops of this suspension were placed into each WEE-TAB tube, and the tubes were incubated at 37°C for 2 h. Positive N-acetyl-␤-D-glucosaminidase and ␣-fucosidase reactions were indicated by a bright yellow nitrophenol color. Positive ␣-D-galactosidase and ␤-D-galactosidase reactions with the methyumbelliferyl substrates produced a bright blue-green or white fluorescence upon examination under long-wave UV light (366 nm) by use of a Wood's lamp. Finally, trypsin and chymotrypsin activities were interpreted after adding 1 to 2 drops of cinnamaldehyde reagent to the test suspension. A deep pink color indicated a positive reaction.
RESULTS
Growth characteristics on various agar media. All Porphyromonas colonies grew to 0.5 to 2.0 mm within 4 to 6 days of incubation on SBBA and SLBBA (Table 1) . These strains developed gray, circular, opaque, convex, entire-edge colonies. Porphyromonas spp. required 4 to 6 days for a brown or tan pigment to develop. P. gingivalis isolates exhibited a large zone of clearing resembling beta-hemolysis due to heme utilization. The other strains produced little or no hemolysis. Colony fluorescence on SBBA was variable for all strains of Porphyromonas spp. except for all strains of P. gingivalis and the Porphyromonas sp. strain (RMA 8106), which were negative.
At 6 days of incubation, growth was variable for the clinical isolates and the type strains on the other media tested: colonies grew to Ն0.5 mm for 34% of strains on BBA, 62% of strains on CBA, and 70% of strains on TSBA (Tables 1 and 2 ). All other strains produced colonies of Յ0.5 mm (pinpoint or negative) on these media. Biochemical and enzymatic profiles. All strains of Porphyromonas spp. except the P. levii and P. levii-like isolates were indole and catalase positive; the P. levii and P. levii-like isolates were indole negative. Seven of 11 strains (64%) of P. salivosa Ϫ/w beta Tan 0.5- were lipase positive; all other Porphyromonas spp. were negative. One strain of P. cansulci, two strains of P. salivosa, and two strains of P. canoris produced yellow pigment on egg yolk agar.
In this study, key enzymatic reactions for Porphyromonas spp. determined by the WEE-TAB system (Table 3) were comparable to the reactions obtained with the API ZYM and RapID ANA II systems, except that the WEE-TAB system was more sensitive for the detection of ␤-D-galactosidase. These results are in agreement with those of our previous study (1) . Of the 47 strains tested, 25 strains (57%) were positive by the WEE-TAB method, whereas only 14 (30%) and 8 (17%) strains were positive with the RapID ANA II and API ZYM systems, respectively. Specifically, with the RapID ANA II system, 45, 55, and 29% of strains of P. gingivalis, P. salivosa, and P. canoris, respectively, were positive for ␤-D-galactosidase, and with the API ZYM system, 36, 9, and 14% of the three strains, respectively, were positive, whereas with the WEE-TAB system, 70, 91, and 100% of the three strains, respectively, were positive. Identification of Porphyromonas species was not possible with the RapID ANA II kit alone, because it does not contain substrates for two key enzymes, Reaction or % positivity
a Abbreviations: Chymo, chymotrypsin; ␣-gal, ␣-galactosidase; ␤-gal, ␤-galactosidase; ␤-NAG, ␤-N-acetylglucosaminidase; ␣-fuc, ␣-fucosidase; ATCC, American Type Culture Collection; NCTC, National Collection of Type Cultures; ϩ, a positive or weakly positive reaction (100 percent positive); Ϫ, a negative reaction. trypsin and chymotrypsin. Also, some differences were observed between the results obtained with the API ZYM system and those obtained by the WEE-TAB method. For example, with the API ZYM system, one strain of P. salivosa was negative for ␣-D-galactosidase and one strain of P. salivosa and one strain of P. cangingivalis were negative for chymotrypsin, whereas these strains were all positive by the WEE-TAB method.
DISCUSSION
This study evaluated the growth characteristics of 47 strains of Porphyromonas spp. on various commercially available media. The results indicate that vitamin K 1 and hemin are important factors for the growth of most strains of Porphyromonas spp. Previous studies have indicated that these supplements are important for the growth of other anaerobes, including P. melaninogenica (4, 10) . The basal agar media used also affected the growth of the bacterial strains in this study ( Table 2 ). All strains grew well on SBBA and SLBBA; however, most strains grew poorly on the other unsupplemented media tested. Moreover, the colony sizes in general were larger and the growth rates was faster on SBBA and SLBBA than on the other media (Table 1) . Pigmentation was always observed on SBBA and SLBBA, whereas pigmentation was not always detected on the other three media. This is important, since pigmentation is a major determinant in the identification of Porphyromonas spp. It is likely that CBA and TSBA would also perform well if they were supplemented with vitamin K 1 and hemin.
Overall, the results obtained by WEE-TAB method compared favorably with the results obtained by using the RapID ANA II and API ZYM systems. The WEE-TAB system was more sensitive and produced a higher percentage of positive results. This is significant because a single difference in the six key enzymatic reactions listed in Table 3 could lead to misleading identifications, because we found notable differences between the ␤-D-galactosidase test results; whereas 30 of 50 tests were positive with the WEE-TAB system, 15 of 50 and 9 of 50 were positive with the RapID ANA II and API ZYM kits, respectively. The increase in the number of positive test results with the WEE-TAB ␤-D-galactosidase test could be due to a higher sensitivity obtained by using a methylumbelliferyl substrate. Previous studies indicate that the methylumbelliferyl tests are very accurate and the results are easy to interpret (7, 8) .
Strains of Porphyromonas that could not be identified with any of the three kits included all strains of P. circumdentaria, P. cansulci, and one unidentified Porphyromonas strain (strain RMA 8106) because they are enzymatically inert. However, except for RMA 8106, these species were identified by PCR fingerprinting as described previously by Citron et al. (1) . Two Porphyromonas strains, P. crevioricanis ATCC 55563 and P. gingivicanis ATCC 55562, which have biochemical and enzymatic characteristics similar to those of RMA 8106, are patented and were not available for comparison. Therefore, RMA 8106 may be similar to one of these strains or a strain not yet described (1) .
Because clinical laboratories encounter Porphyromonas spp. that are associated with bite wound infections and periodontal disease in humans and animals, we suggest that they consider using SBBA, which is an excellent medium for the growth of most Porphyromonas spp. In addition, the WEE-TAB system was found to be a rapid and more accurate alternative to the API ZYM and RapID ANA II systems for the identification of these organisms.
